After the implementation of a policy differentiating inpatient nursing fees, no study is found in the nursing literature for intensive care unit (ICU) patients admitted with cardiovascular (CV) disease exclusively in Korea. This study investigates the relationship between ICU nurse staffing and 30-day mortality using large representative claim database.
Introduction
Admission to the intensive care unit (ICU) has been known as a risk factor for increased morbidity and mortality outcomes [1] , especially in those with cardiovascular (CV) disease. [2] Although ICU for the severely ill patients is associated with specialized clinical team with access to the most technologically sophisticated equipment to provide close nursing surveillance and lifesustaining interventions, [3] advances in technology are just tools to support health care staff in closely monitoring and properly treating patients who are critically ill. [4] Nurses of skilled health care staffs in hospitals are crucial to providing good-quality care services, providing patients with holistic care 24-hour a day. [5] A recent systematic review suggests that better nurse staffing is associated with improved patient outcomes. [6] Although some researchers express skepticism about its sensitivity to nursing care quality, [7] mortality of those patients is often used as an important indicator for hospital quality. [8] Although research evidence has increased concerning the relationship between bedto-nurse ratio and patient outcomes in Korea, [9] hospital administrators tend to reduce nurse staffing to decrease hospital costs and maximize efficiency of operation.
Several countries regulate minimum requirements of nurse staffing or offer financial incentives for guaranteed nursing care quality. [10] In 1999, the Korean government implemented a new incentive policy for nurse staffing, namely differentiating inpatient nursing fees by nurse staffing levels to financially incentivize hospitals to improve nurse staffing and the quality of nursing care services. [11] [12] [13] At first, there were 6 grades of nurse staffing levels based on the nurse-to-bed ratio only for general care units of all types of hospital, which extended to 7 grades of nurse staffing levels in general hospitals (GHs) in 2007 and 9 grades in 2008 (see Supplemental Digital Content which demonstrates the differentiating nursing fees and code according to staffing level, http://links.lww.com/MD/C564). [11, 14] After the implementation of the policy, differentiating inpatient nursing fees, a few studies have been published on the effects of the policy on nurse staffing in Korea. [11, [15] [16] [17] [18] However, no study is found in the nursing literature for ICU patients admitted with CV disease exclusively and thus, we examine the relationship between ICU nurse staffing and patient mortality using large representative claim database.
Methods

Study design and data source
Study data were obtained from National Health Insurance Service-Senior (NHIS-Senior) claim database from 2002 to 2013 which was released by the Korean National Health Insurance Service (KNHIS). [19] The initial NHIS-Senior cohort data was comprised of 558,147 participants. Approximately 10% of the 60 years and above elderly population in 2002 was analyzed, using a stratified random sampling method, excluding noncitizens and special purpose employees with an unidentifiable income level. The baseline cohort members were followed for 11 years until 2013 unless the beneficiaries were disqualified due to death or emigration. Detailed methods for establishing and ensuring the representativeness of NHIS-Senior cohort were published on the KNHIS website (https://nhiss.nhis.or.kr/bd/ay/ bdaya001iv.do). [19] For the analysis we included CV disease inpatients as a primary diagnostic code (I20-I25) in the International Classification of Diseases, 10th revision (ICD-10) who had their ICU utilization records from differentiating inpatient nursing fees code, resulting in 17,081 subjects. This study does not need ethical approval because it is not a study using human derivatives, and all subjects are encrypted and cannot be identified.
Independent variable
The nurse staffing grades were based on the nurse-to-bed ratio. The highest nurse staffing grade was grade 1 (beds/nurse ratio < 0.5), with the lowest nurse staffing grade being grade 9 (beds/ nurse ratio ≥2.0). Level of nurse staffing was categorized into 4 groups in each year: grade 1 to 2, grade 3 to 4, grade 5 to 6, and grade 7 to 9.
Dependent variable
All-cause mortality
Thirty-day mortality after discharge was determined by death certificates and discharge diagnosis was determined at the time of discharge by calculating the admission date and length of stay. Inhospital 30-day mortality was determined by mortality date after admission date.
Control variables
The present analyses included age, sex, income, type of insurance, region, primary diagnosis, route of admission, Charlson Comorbidity Index (CCI), organization type, number of doctors, and hospital technology as control factors; all of the covariates were categorical except for age, and number of doctors. Sex was grouped into male and female. Based on the premiums of the National Health Insurance, which reflects household income in our database, all the people were divided into 10 quintiles and we were further categorized into 3 groups: low (3), middle (4-7), or high (8) (9) (10) . Region was categorized into metropolitan (Seoul), urban (Daejeon, Daegu, Busan, Incheon, Kwangju, or Ulsan), and rural (otherwise). Primary diagnosis of CV disease was categorized into 5 groups: angina pectoris (I20), acute myocardial infarction (I21), subsequent myocardial infarction (I22), certain current complications following acute myocardial infarction (I23), other acute ischemic heart diseases (I24), and chronic ischemic heart disease (I25). Route of admission was categorized into emergency and outpatient, and CCI was grouped as scores of 0, 1, 2, and over 3. Organization type of hospital was categorized into 3 groups: public, corporate, and private. Based on our previous research , [20] as a proxy to sophisticated equipment, hospital technology was investigated. Using SAS Rank function, hospital technology was categorized into 3 groups.
Statistical analysis
Chi-square test, log-rank test, analysis of variance (ANOVA), and Cox proportional hazards models were used to investigate the association between nurse staffing and mortality. For all analyses, the criterion for statistical significance was P .05, 2-tailed. All analyses were conducted using the SAS statistical software package, version 9.4 (SAS Institute Inc., Cary, NC). Table 1 shows the general characteristics for 30-day mortality after discharge and in-hospital 30-day mortality, respectively. Of 17,081 patients with CV disease, 8428 patients (49.3%) used ICU in tertiary hospital (TH) and 8653 patients (50.7%) used in GH. Of the patients admitted to low hospital technology, 14.2% died within 30 days after discharge and 12.9% died within 30 days, respectively (Table 1, Fig. 1 ). In addition, the prevalence of 30-day mortality after discharge and in-hospital 30-day mortality was 10.3% and 9.3%, respectively (Table 1) . Of those admitted to TH, the prevalence of 30-day mortality after discharge and inhospital 30-day mortality was 8.5% and 7.7%, respectively. Of those admitted to GH, the prevalence of 30-day mortality after discharge and in-hospital 30-day mortality was 12.1% and 10.9%, respectively (Table 2 ).
Results
General characteristics of CV disease ICU patients
Adjusted effect of nurse staffing level on mortality by hospital type
After adjusting for all of these confounders, the hazard ratio (HR) for 30-day mortality after discharge (HR: 1.177; P: .018) and inhospital 30-day mortality (HR: 1.145; P: .058) in GH were higher than TH (Table 3) . Table 4 showed adjusted effect between nurse staffing level and 30-day mortality according to hospital type (e.g., TH and GH). After adjusting for all confounders in TH, HR in both 30-day mortality after discharge and in-hospital 30-day mortality were not statistically significant, but in GH setting, HR for 30-day mortality after discharge (HR: 1.499; P: .010) and in-hospital 30-day mortality (HR: 1.377; P: .042) were higher in grade 7 to 9 than grade 1 to 2. In addition, hospital technology, which is considered to be an important indicator of mortality of hospital Kim Medicine (2018) 
Discussion
This study shows the differences that exist in grade of ICU nurse staffing with 30-day mortality among CV disease inpatients in Korea. An important finding of this study was that there was a more significant relationship between nurse staffing grade and mortality at GH rather than TH. In Korea, GHs are institutions that have a minimum of 100 inpatient beds and provide physician specialist services in major areas (e.g., internal medicine, surgery, and pediatrics) and THs indicate GHs that are approved to provide most types of advanced medical care and treat severely ill patients. So, GHs have a relatively lower need to improve nurse staffing than THs because they may be delivering care to patients with less critical conditions than those in THs. In contrast, nurse staffing grade in TH was not significantly associated with possibilities of dying. THs play a role as specialized care providers in Korea. Patients who require more intensive care tend to be admitted to THs following an easily obtainable referral from a primary care physician, where they can receive specialized high-quality care. [21] Therefore, it is possible that there are higher proportion of patients with greater severity of illnesses such as CV disease for the delivery of intensive and sophisticated care for patients in THs. Thus, this result suggests that mortality risk of THs that had highly intensive and complex medical technology in ICU may be more affected by advanced medical technology rather than nursing personnel. The UK Department of Health and Intensive Care Society has proposed a minimum standard of a nurse-to-patient ratio of 1:1 for ICU patients. [22, 23] The state of Victoria, Australia, has implemented a minimum ratio of 1 nurse to 1 unconscious patient or 2 to 4 highly dependent patients. [24] However, in Korea, this policy did not include adequate levels of nurse staffing, such as the mandated minimum nurse-to-patient ratios. Although there is a regulation regarding nurse staffing in hospital, approximately 50% of hospitals do not comply with the regulation, largely because there are no penalties for noncompliance. [25] Moreover, it does not consider the occupancy rate and does not reflect the number of direct nursing hours. Therefore, policymakers should Figure 1 . Thirty-day mortality after discharge (left) and in-hospital 30-day mortality (right) for tertiary (upper) and general (lower).
Table 2
General characteristics of participants by tertiary hospital (TH) and general hospital (GH). consider several approaches to recommend improving? nurse staffing. Ideally, every hospital, to see how differences in policies and financial performance affect the cost-effectiveness of staffing and its effect on quality of health care, should be monitored. [26, 27] In a variety of healthcare and clinical settings, further research on the workforce is urgently required to guide decisions about safe staffing levels to ensure patient safety, because nurses and doctors may substitute 1 another, so that units that are short of doctors may compensate by hiring more nurses. [28] A large number of units and patients analyzed in this study, as well as the use of appropriate methods for the structure of the data, are additional strengths of this study. These results will hopefully be developed in future qualitative and quantitative research. Despite access to a large national sample, this study has limitations in terms of interpreting and comparing results with other studies. Major limitation relates to risk adjustment in patient mortality. Although age, gender, income, type of insurance, residential region, primary diagnosis, and comorbidity for risk adjustment were used, we were not able to adjust treatment of ICU variable that may affect risk of mortality because of lack of information. Inaccuracy of risk adjustment may lead to skewed results. Furthermore, because our claim database analyzed do not contain any clinical findings or information about the disease's severity, we were unable to consider all possible covariates associated with risk of mortality. Therefore, our analytic approach was to apply regression models separately to tertiary and GHs because they had groups of patients and disease severity. Inclusion of hospital characteristics (i.e., ownership, hospital technology) should contribute indirectly to reducing variations in disease severity. Additional measures Table 3 Adjusted effect of hospital type on mortality.
30-day mortality after discharge
In-hospital 30-day mortality that take account of severity of illness are needed for more complete risk adjustment. Second, the rates of nurse turnover at different types of hospitals were not considered in this study. A higher turnover rate will increase the cost of employing nurses, and so further studies considering nurse turnover will be helpful to understand the nurse staffing levels at specific hospitals. Finally, we used an anonymized and auto-generated claim database with ICD-10 codes, limiting validation of the individual ICD codes. In particular, there is frequent under-reporting of certain medical conditions resulting in incomplete coding. [29, 30] 6. Conclusions
The findings of this study show that increased nurse staffing levels related to improved mortality risk in ICU of GHs in Korea. Therefore, adequate nurse staffing to provide safe and highquality care can be ensured by continuous monitoring and evaluation of nurse staffing. These findings recommend that a strategy need to be developed towards better compliance to conduct future research.
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